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SUMMARY 

Effective application of agricultural, urban, and other nonpoint source (NPS) best management practices (BMPs) 

requires that these measures are properly planned, sited, and sized for implementation. An important aspect of 

the planning process is the identification of critical source areas (CSAs). Implementing these BMPs and other 

complementary measures (e.g., in-lake treatments funded through sources other than Section 319 funds) in CSAs 

is a key part of meeting targets set by Watershed Management Plans (WMPs) or Total Maximum Daily Loads 

(TMDLs), which ultimately lead to achieving water quality and quantity goals and objectives, including the 

restoration and protection of designated beneficial uses of waters of the U.S.  

This document is intended to help watershed project teams define CSAs where appropriate BMPs and BMP 

systems will be implemented to achieve water quality goals in the most efficient manner possible. Effective 

determination of CSAs will usually result in identification of smaller areas within a watershed that contribute a 

disproportionate amount of pollutants of concern or contribute otherwise in a disproportionate manner to the 

identified water resource problems of concern. This document was written to support targeted, cost-efficient 

implementation of practices and measures to meet water quality goals in a timely manner. This document is not a 

technical how-to manual with step-by-step procedures or solutions for all watersheds, but is rather intended to 

inform such site-specific actions carried out at the local level. The background information, methodology, 

examples, and overview of data sources and tools are intended to document progress made in this area and 

provide a platform for enhancing the state of the art. While the document is based on a rigorous review of past 

and current efforts to define and treat CSAs, approaches and tools continue to evolve and practitioners will need 

to track new developments. 

This supplement describes a procedural methodology for targeting CSAs and appropriate BMPs and BMP systems 

intended to guide implementation strategies that will meet watershed goals and objectives. The technical 

approach presented here relies on a data-driven assessment of factors to identify critical locations where there is a 

high probability of pollutant delivery to receiving waters. This is a results-based approach for selecting both 

appropriate BMPs and BMP systems, and the necessary management tools to support or promote BMP 

implementation in those critical locations. The methodology involves: 

¶ Establishing restoration/protection priorities 

¶ Describing connections from transport pathways to potential sources 

¶ Estimating the relative contribution from these sources 

¶ Identifying CSAs and BMP performance expectations and implementation opportunities 



 

¶ Targeting CSAs and appropriate BMPs and BMP systems where implementation will be most effective 

¶ Monitoring progress and adjusting as needed in an adaptive management approach 

A broad range of data sources and tools is described to help watershed managers carry out these tasks at varying 

levels of cost and complexity. A multi-disciplinary approach is recommended for identifying CSAs and selecting 

BMPs, BMP systems, or other management measures to take advantage of the knowledge, data, and expertise of 

all stakeholders in the watershed. Appropriate identification of CSAs should help ensure that BMPs and BMP 

systems are fully implemented within a specified timeframe. 

A key component of the process to identify CSAs is establishing priorities that will address documented 

problems/concerns relative to water quality management plan goals and objectives (Figure 1). Locations are 

targeted where load reductions are most needed based on watershed conditions. Information used to target 

priority locations of concern includes water quality data, flow data, biological assessments, and habitat 

evaluations. 

After priorities are established, the methodology focuses on describing connections that link problems to potential 

sources. By focusing on key pathways, source categories are highlighted that may contribute to water quality 

problems. This approach allows potential source areas to be delineated using mapping tools designed to help 

evaluate key factors such as land use information and management measures and practices (e.g., urban 

development, crop production). 

 

 
Figure 1. Process overview for identifying critical source areas and BMP opportunities. 

 



 

Estimating relative contributions sets the stage for narrowing the list of potential source areas to those locations 

where BMP implementation will be most effective in achieving water quality goals and objectives. These estimates 

can range from narrative descriptors (e.g., high, medium, low) derived from aerial photo analysis or field 

inventories to quantitative values developed from desktop screening tools or models. Although this is 

supplemental NPS program guidance, point source contributions also must be accounted for in the analysis. 

Targeting CSAs and BMPs ensures that implementation resources are applied to appropriate management 

practices and are directed to those areas contributing disproportionally to problems and concerns. Source area 

ratings are refined based on a more detailed analysis of survey information and available data. CSA targeting also 

examines BMP options, including both practice types and management tools. It must be understood that CSA 

identification can be an iterative process. Choices and decisions are not always clear, often resulting in a need to 

compile additional data or revisit information examined in earlier steps. Monitoring of plan implementation will 

produce the information needed to make adjustments in an adaptive management approach. 
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FOREWORD 
This document is written for both experienced watershed practitioners and those new to the field. It is assumed 

that experienced practitioners have basic knowledge of watershed planning, data sources, and analytic tools. 
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1. OVERVIEW 

1.1 BACKGROUND 
Achievement of water quality goals, either for protection or restoration, requires that problems and threats are 

assessed correctly, causes and sources are accurately identified, appropriate pollutant reduction targets and 

restoration needs are determined, proper BMPs and other measures are selected, and a requisite level of 

implementation of treatment is accomplished within a specified timeframe. Environmental response to plan 

implementation will be most rapid when the right BMPs and other measures are planned, sited, sized, and 

implemented in those areas that have the greatest influence on water quality and related problems. In addition, 

such a targeted approach may often increase the cost efficiency when considering dollars spent on BMP costs per 

pound of pollutant reduction (Lazarus et al., 2014). It should be noted, however, that BMP costs are only part of 

overall costs, and other costs such as labor for communicating with landowners in targeted areas may not be 

insignificant. 

The examples presented here are helpful 

for documenting lessons learned because 

they illustrate general patterns that have 

been observed broadly. Findings based on 

modeling need to be considered with some 

caution because these tools generally 

employ assumptions regarding unit area 

pollutant loads, general BMP effectiveness, 

and other factors and conditions that vary 

within and across watersheds. While the 

degree to which these assumptions result in 

ŀƴ άŀǾŜǊŀƎŜέ ǊŀǘƘŜǊ ǘƘŀƴ ŀ ǘǊǳŜ ǎƛǘŜ-specific 

outcome will differ with each specific 

application, it is important to keep in mind 

that these tools are most helpful in 

providing a starting point for further 

investigation and analysis, rather than for reaching definitive and actionable conclusions about a specific 

watershed or treatment plan.  

LESSON: TARGETED APPROACHES IMPROVE EFFICIENCY IN ACHIEVING WATER QUALITY GOALS 
Diebel et al. (2008) used statistical simulations to evaluate program efficiency gains that could be realized by 

geographically targeting and aggregating pollution control efforts involving multiple complementary BMPs 

associated with riparian buffers in Wisconsin. Specifically, the authors examined total pollution reduction and 

proportion of watersheds improved for four geographical allocation approaches (aggregated/targeted, 

aggregated/random, dispersed/targeted, and dispersed/random). The approaches differed in two ways: (1) 

whether the effort is aggregated within certain watersheds or distributed without regard to watershed boundaries 

(dispersed), and (2) whether the effort is targeted toward the most highly phosphorus (P)-polluting fields or is 

distributed randomly with regard to field-scale P pollution levels. They found that the approach combining 

targeting of the most highly P-polluting fields with aggregating within certain watersheds is the most efficient 

approach to achieving measurable stream water quality changes. For example, with effort on only 10 percent of a 

How Large is a Watershed? 

Level HUC1 
Digits 

Name Unit Size  
(Average or Range) 

Square 
Miles 

Acres 

1 2 Region 177,560 113,638,400 

2 4 Subregion 16,800 10,752,000 

3 6 Basin 10,596 6,781,440 

4 8 Subbasin 703 449,920 

5 10 Watershed 63-391 40,000-
250,000 

6 12 Subwatershed 16-63 10,000-
40,000 

1Hydrologic unit code (e.g., HUC10 is a 10-digit HUC)  
Source: Virginia DCR (2017a) 
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model landscape, 26 percent of the total P load would be reduced and 25 percent of watersheds significantly 

improved.  

Doody et al. (2012) argued that targeting programs at CSAs for P control could significantly improve the 

environmental efficiency and cost effectiveness of proposed mitigation strategies in Irish watersheds. They 

proposed a tiered approach for identifying CSAs in recognition of the knowledge of P export at the field scale, 

limited availability of site-specific data and tools, and difficulty associated with accurate identification of CSAs at 

the catchment scale due to the increasing complexity of hydrological processes at larger scales. This approach 

would use catchment-scale tools in conjunction with field-by-field surveys to reduce uncertainty and provide a 

more practical and cost-effective method of delineating CSAs in a range of catchments.  

LESSON: CRITICAL SOURCE AREA IDENTIFICATION AND TREATMENT ARE ESSENTIAL TO SUCCESS 
As noted by Ghebremichael et al. (2012), studies have long reported that the success of NPS pollution control 

efforts depends on the ability to properly identify, target, and remediate critical areas of pollution (Maas et al. 

1985, McDowell et al. 2001, Meals et al. 2010, Pionke et al. 2000, Sharpley et al. 2006, Walter et al. 2000, Weld et 

al. 2001). In a review of the thirteen watershed-scale (8- to 12-digit HUCs) projects funded under the National 

Institute of Food and AgricultureςConservation Effects Assessment Project (NIFA-CEAP), Osmond et al. (2012a) 

concluded that CSAs must be identified and conservation practice implementation should be targeted to those 

areas to achieve water quality goals. By identifying CSAs, managers can prioritize BMPs to better protect water 

quality and reduce pollutant loads (Meals et al. 2012). 

Watersheds must also be of manageable size to enable accurate CSA delineation and design of effective treatment 

plans that can result in measurable water quality improvements in timeframes of 5 to 15 years or so. For example, 

Coffey et al. (1992) concluded that smaller watersheds of less than 30,000 acres should be selected for agricultural 

nonpoint source projects that last from 6 to 15 years because problems in these areas can be more readily 

identified, are easier to treat, and respond more rapidly to treatment. The U.S. Environmental Protection Agency 

(USEPA) adopted this watershed size recommendation in its guidance for the Section 319 National Nonpoint 

Source Monitoring Program (NNPSMP) (USEPA 1991). Of 28 projects, only 6 had watersheds exceeding 30,000 

acres, and 5 of those conducted their monitoring efforts in areas smaller than 30,000 acres. 

Lazarus et al. (2014) concluded that application of their Minnesota-based Watershed Nitrogen Reduction Planning 

Tool for optimizing agricultural BMP selection to reduce the nitrogen (N) load from the highest contributing 

sources and pathways in a watershed will help planners develop the most achievable and cost-effective approach 

for reducing watershed N loads. The spreadsheet-based N planning tool optimized selection of nine different 

agricultural BMPs for reducing the N load from the highest contributing sources and pathways in a watershed.  

Using the Soil and Water Assessment Tool (SWAT) to assess the effects of conservation practices on reducing 

sediment and nutrient loads at field and watershed scales in the St. Joseph River watershed, Her et al. (2016) 

concluded that application area, field-scale effectiveness, and placement of the practices are equally critical in 

achieving watershed-scale water quality improvement. They found that implemented practices were not focused 

in the areas of the watershed where they were most needed, thus reducing the watershed-level load reduction 

efficiency in the largely agricultural watershed. At the same time, however, they acknowledged that the 

effectiveness of conservation practices is site-specific. This complicates the process of identifying optimal 

placement of practices for watershed-scale load reductions and water quality improvement when using models.  
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LESSON: MAJOR SOURCES OF NPS POLLUTANT LOADS ARE DISPROPORTIONATELY DISTRIBUTED 
Nowak et al. (2006) applied the concept of disproportionality to investigate why NPS loading to a lake had not 

changed even though commonly recognized social drivers (e.g., manure management) had changed significantly. 

They examined interactions of social and biophysical variables (e.g., daily P load) at different spatial and temporal 

scales and found that limited occurrence of inappropriate behaviors in vulnerable biophysical settings resulted in 

disproportionate environmental impacts. For example, an inappropriate land-management practice may not result 

in significant environmental impacts in a well-buffered biophysical setting (e.g., over-grazing of pastures distant 

from any waterbodies), whereas an appropriate practice may contribute unusually large pollutant loads in a highly 

vulnerable biophysical setting (e.g., construction meeting all erosion control requirements but occurring in an area 

with P-enriched soils). It is important, therefore, to closely examine the site-specific relationships between 

behavior (e.g., adoption of BMPs) and environmental processes (e.g., source area pollutant loadings) within the 

watershed to refine CSA delineations rather than accepting conclusions based on relationships between measures 

of social and biophysical processes (e.g., enrollment in conservation programs versus cropland erosion rates) that 

are aggregated at a coarser scale (both spatial and temporal). A few outliers within a watershedτincluding cases 

of good management in an area with exceptionally high risk of pollutant delivery (e.g., P enriched soils from 

previous land use)τcan contribute disproportionately to overall pollutant loads. 

Giri et al. (2016) targeted CSAs in the suburban Neshanic River watershed of New Jersey by combining delineation 

of hydrologically sensitive areas (HSAs) with high pollution producing areas of watersheds. Location of HSAs was 

based on a soil topographic index derived from a wetness index and soil transmissivity, whereas high pollution 

producing areas were determined by using SWAT to estimate unit-area pollution loads for sub-areas of the 

watershed. CSAs for each pollutant (sediment, nitrogen, and phosphorus) were then identified based on the HSAs 

and the sub-areas with high unit-area pollution loads. The resulting CSAs for sediment, nitrogen, and phosphorus 

represented only 0.2, <0.1, and 1.2 percent of the watershed, respectively.  

White et al. (2009) used SWAT to identify and quantify sediment and total phosphorus loads originating from CSAs 

in six priority watersheds in Oklahoma. Within these six watersheds, 5 percent of the land area yielded 50 percent 

of sediment and 34 percent of the phosphorus load. In watersheds dominated by agriculture, the worst 5 percent 

of agricultural land contributed, on average, 22 percent of the total agricultural pollutant load. Pollutant loads 

from these agricultural CSAs were more than four times greater than the average load from agricultural areas 

within the watershed. 

LESSON: CSAS SHOULD BE DETERMINED THROUGH A SYSTEMATIC PROCESS 
[Ŝǎǎƻƴǎ ƭŜŀǊƴŜŘ ŦǊƻƳ ǘƘŜ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ !ƎǊƛŎǳƭǘǳǊŜΩǎ ό¦{5!Ωǎύ wǳǊŀƭ /ƭŜŀƴ ²ŀǘŜǊ tǊƻƎǊŀƳ όw/²tύ ƛƴŎƭǳŘŜŘ 

recognition of the need to target land treatment to CSAs where BMPs are likely to most improve and protect the 

water resource (USEPA 1990). Targeting criteria identified for ranking CSA treatment needs included: 

¶ Magnitude of the pollutant source 

¶ Distance to the water resource 

¶ Location, type, and severity of the water resource impairment or threat 

¶ Type of pollutant 

¶ Present conservation [i.e., management] status 

¶ On-site evaluation 

Based on lessons learned from the RCWP, USEPA incorporated CSA identification within its Section 319 NNPSMP 

guidance (USEPA 1991). Specifically, the guidance stated: 
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The critical area definition should reflect the magnitude of source, pollutant delivery to the waterbody, 

relationship of the pollutant to use impacts, treatability, and relative treatment costs. Such an approach 

will help project planners select treatment areas that will provide necessary pollution control and greater 

ƭƛƪŜƭƛƘƻƻŘ ƻŦ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ƛƳǇǊƻǾŜƳŜƴǘǎΧCritical area treatment goals should be specified in quantitative 

terms. Management practice systems should be specifically tailored to the sources and pollutants they will 

be used to control.  

Several lessons regarding CSA delineation were learned from the NNPSMP. The following findings are based on 

reviews of project reports and direct communication with project scientists and managers: 

¶ Stream Restoration: In urban settings such as the Waukegan River (IL) project area where storm runoff is 

the major contributor to degraded stream habitat, CSA definition that includes the drainage area as well 

as the damaged stream reaches would seem appropriate (Tetra Tech 2006d). Failure to manage storm 

runoff and water quality could result in temporary rather than long-term improvements in stream biology.  

¶ Urban Runoff: The Jordan Cove (CT) project identified activities associated with construction and 

residential land use, as well as traditional erosion controls, as critical source activities (Tetra Tech 2006e). 

The entire area of the small treatment watershed (4.2 acres) was considered part of the CSA to be 

treated.  

¶ Phosphorus Loading: Findings from the Missisquoi Bay Study (IMBSB 2012) included that CSA targeting 

for P hotspots should be implemented at two spatial scales: subwatershed and farm scale. A tiered 

approach was also recommended by Doody et al. (2012). 

LESSON: DATA AND TOOLS APPROPRIATE FOR CSA DETERMINATION RANGE FROM SIMPLE TO COMPLEX 
The data and tools needed to identify CSAs will vary depending on watershed characteristics (e.g., sources and 

pathways for different pollutants) and water quality goals, and project budgets will influence which of these 

resources can be obtained or used. The National Water Quality Evaluation Project developed a generalized 

framework for integrating problem identification, information gathering, data management, and project 

assessment into a logical conceptual system for agricultural nonpoint source water quality projects in support of 

early USEPA/USDA joint watershed programs such as the RCWP (NCSU 1981). A key element of this framework is 

identification of CSAs and the need to collect increasingly refined information when moving from general 

qualitative assessments (e.g., watershed scale, general pollutants, general land uses) to more detailed 

characterization of sources and pollutant pathways (e.g., field or small catchment scale, specific pollutants, specific 

sources).  

Data sources and tools of varying complexity were used by the 21 RCWP and 28 Section 319 NNPSMP projects. The 

following examples illustrate the types of data and tools used by these projects in addressing a range of pollutants 

and pollutant sources: 

¶ Turbidity: To address turbidity problems, the Highland Silver Lake RCWP project in Illinois targeted natric 

soils with 2 percent slope, fine particle size, and high erodibility, and non-natric soils with 5 percent slope, 

high erodibility, and proximity to the stream system to refine the CSA (USEPA 1990). 

¶ Pesticides and Nutrients: The Bayou Bonne Idee RCWP project in Louisiana addressed turbidity, 

sedimentation, and pesticide problems by targeting cropland adjacent to the water body (USEPA 1990). 

Cotton growing on silty soils had the highest priority because the fields were close to waterbodies, 

intensively cultivated, and receiving both pesticides and nutrients. 

¶ Phosphorus: The St. Albans Bay RCWP project in Vermont addressed eutrophication in St. Albans Bay by 

targeting areas nearest major water courses or the bay where major nonpoint sources of phosphorus 
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were present (USEPA 1990). Computer models were used to estimate total phosphorus and sediment 

loads from alternative management scenarios. 

¶ Bacteria: The Tillamook Bay RCWP project in Oregon targeted land with high-priority dairies to address 

high fecal coliform levels and sediment loading to Tillamook Bay (USEPA 1990). Priority dairies were 

identified via a computer program that calculated fate and movement of bacteria through dairy 

operations and manure management practices (Moore et al. 1992). The factors used in the mass-balance 

model included number of cows in the herd; type, capacity, and management of waste storage unit; 

bacterial die-off in storage; waste application method and rate; bacterial die-off on the surface; 

precipitation; infiltration of water and bacteria; and transport (Moore et al. 1983). 

¶ Nitrate: In Minnesota, the Garvin Brook RCWP project expanded their 30,720-acre watershed to include 

15,800 additional acres that served as a major groundwater recharge area for wells in the original 

watershed (Wall et al. 1993). The project shifted from an early focus on surface water to an emphasis on 

groundwater quality after it was discovered that nearly one quarter of 80 sampled wells had nitrate-

nitrogen levels above 10 mg/L. In addition, monitoring and hydrogeologic investigations conducted early 

in the project revealed that the ground and surface watersheds had different boundaries, and that some 

of the groundwater data they had collected prior to the project reflected conditions 30 years earlier and 

was therefore not useful in evaluating the impact of the RCWP project.  

¶ Erosion Control (NNPSMP Projects ς Lake Pittsfield, Illinois; Sycamore Creek, MI; Whitewater Creek, MN): 

Critical area delineation at the watershed scale was performed using a range of approaches even within 

the same project, including stream proximity and direct observation of visible sediment-contributing 

areas (MI), sediment yield estimates (MI and MN), and watershed models (MN) (Tetra Tech 2006b). The 

Lake Pittsfield project reported that visual observation alone is not always adequate to identify CSAs. The 

relationships among in-stream sediment loads, upland sediment delivery, and stream bank erosion are 

often not fully understood when projects develop their implementation plans. 

¶ Grazing Management/Riparian Restoration (NNPSMP Projects ς Long Creek Watershed, NC; Pequea and 

Mill Creek Watershed, PA; Lake Champlain Basin Watersheds, VT): Several approaches were used for CSA 

delineation at the watershed scale, including conservative (protective) assumptions based on land-based 

or water quality information at hand (Pequea/Mill Creek), watershed models (Long Creek), streamwalks 

and habitat assessments (Vermont), and field surveys (Long Creek and Vermont) (Tetra Tech 2006c). 

Streamwalks and habitat surveys were very useful and less expensive than modeling efforts in Vermont. 

The Pequea/Mill Creek project, however, showed that visual observation alone may not be adequate to 

identify CSAs when pollutants such as nutrients or other runoff constituents are part of the problem.  

¶ Animal Waste Management/Nutrient Management (NNPSMP Projects ς Warner Creek, MD; New York 

City Watershed, NY; Long Creek, NC; Peacheater Creek, OK; Totten and Eld Inlets, WA; Otter Creek, WI): A 

whole-farm planning process (NY), watershed models (NC, OK, WI), streamwalks and habitat assessments 

(OK), and field surveys (MD, WA) were used for CSA delineation (Tetra Tech 2006a). For example, eight of 

nine dairy operations and cropland on two of the eight dairies were designated as CSAs in the Otter Creek 

watershed; the USDA-Natural Resources Conservation Service (NRCS) model BARNY was used to 

determine which barnyards were critical. Although the Oklahoma project was initially focused on 

downstream nutrient problems, data collected by the project showed that streambank erosion and 

bedload sediment were more critical problems in the monitored watersheds. 

In support of their tiered approach to identify CSAs, the Missisquoi Bay Study parameterized (i.e., determined the 

representation of physical effects by simplified parameters) an updated version of SWAT, with a Variable Source 

Area fuƴŎǘƛƻƴ ό{²!¢π±{!ύ to enable SWAT to more accurately identify CSA sectors in the Vermont portion of the 

watershed (IMBSB 2012). ¢Ƙƛǎ άǎǘǊŀǘŜƎƛŎ ŀƴŀƭȅǎƛǎέ ǿŀǎ ŦƻƭƭƻǿŜŘ ōȅ a more refined άǘŀŎǘƛŎŀƭ ŀƴŀƭȅǎƛǎέ in which they 
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applied ǇǊŜŎƛǎŜΣ ǎƛǘŜπǎǇŜŎƛŦƛŎ ƛƴǇǳǘ Řata and better spatial resolution to improve identification and ranking of CSAs 

ŀǘ ǘƘŜ ŦŀǊƳπǎŎŀƭŜ. The SWAT-VSA model was built to include agricultural field boundaries in the model structure, 

thus providing a common unit area for both the strategic and tactical analyses. SWAT model calibration and 

validation confirmed that the model met or exceeded all pre-established performance targets. Calibration and 

validation routines were examined for hydrology, sediment load, and phosphorus load. In addition to identifying 

CSA sectors, the {²!¢π±{! ƳƻŘŜƭ was used to compare a CSA-targeted approach for BMP implementation with a 

random implementation of BMPs across the landscape. In addition, a ǎƛƳǇƭŜǊΣ ƭŜǎǎ ŘŀǘŀπƛƴǘŜƴǎƛǾŜ DL{πōŀǎŜŘ 

analysis was performed to identify CSAs in the watershed using available remote sensing imagery and known land 

ǳǎŜǎ ƛƴ ǘƘŜ ǿŀǘŜǊǎƘŜŘΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ǿŜǊŜ ǘƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ /{!ǎ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘŜ {²!¢π±{!πōŀǎŜŘ /{! ŀƴŀƭȅǎƛǎΦ 

Overall, the results were similar for agricultural, dense urban, and forested areas of the watershed. For the 

strategic analysis, an enhanced hydrologic network was used to identify hydrologic features of the watershed that 

could connect sources of phosphorus to the tributary network. Hydrologic proximity rankings and total phosphorus 

load rankings were assigned across the entire network. CSAs were then ranked based on these two metrics. 

Trained field staff visited 19 sites identified by the model as either CSAs or not CSAs, and confirmed 17 of the 

ƳƻŘŜƭ ŀǎǎŜǎǎƳŜƴǘǎΦ !ǘ ǘƘŜ ŦŀǊƳπƭŜǾŜƭ ǎŎŀƭŜΣ ŀ ŎƻƴǾŜƴǘƛƻƴŀƭ мллπŎƻǿ ŘŀƛǊȅ ŦŀǊƳ ƛƴ CǊŀƴƪƭƛƴ Ŏƻǳƴǘȅ ǿŀǎ ǎŜƭŜŎǘŜŘ ŦƻǊ 

tactical CSA analysis.  

Buchanan et al. (2013) proposed a NPS index based on runoff travel times from saturated variable source areas to 

the natural stream network. Their travel-time phosphorus index (TTPI) was applied to a 9,400-acre agricultural 

watershed in central New York and shown to yield realistic, spatially explicit predictions of critical phosphorus 

loading areas and routing pathways. Runoff travel time is only one of many factors that could be considered for 

this type of index, and in some cases, travel time is difficult to assess. Still, when resources are limited, projects 

should focus on the factors most important to an accurate delineation of their specific CSA, as was done in this 

study. While this approach may be too complex for many watershed project teams, the study is helpful in 

demonstrating the need to consider the potential role of small artificial drainage networks when delineating CSAs 

for some pollutants. They found that without the inclusion of roadside and agricultural ditches, many of the more 

CSAs would be miscategorized as low risk zones. In this watershed, they found that the ditches usually ran 

perpendicular to the slope and were directly adjacent to un-buffered agricultural fields with high TTPI values. In 

contrast, the natural streams were generally located in valleys that were buffered on both sides by riparian 

vegetation. 

Lazarus et al. (2014) describe a spreadsheet-based watershed N planning tool for optimizing selection of nine 

different agricultural BMPs for reducing the N load from the highest contributing sources and pathways in 

Minnesota watersheds. The spreadsheet contains data for 68 HUC8 watersheds and for the state as a whole. It was 

used to inform ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ aƛƴƴŜǎƻǘŀΩǎ Nutrient Reduction Strategy for the Mississippi River Watershed. 

Michigan guidance for developing watershed plans emphasizes the value of following up CSA determination with 

an inventory of the CSA to refine the list of pollutants, sources, and causes (Brown et al. 2000). They recommend 

performing visual inventories by walking, driving, or canoeing the CSA. Advantages noted for visual inventories 

include gaining the most accurate picture of what is occurring in the watershed, familiarizing involved individuals 

with the watershed, and providing an opportunity to introduce the watershed project to riparian landowners. 

Disadvantages include the time involved and the large volume of data required (e.g., photographs, maps) and 

developed (e.g., land use inventories, streambank condition, discharge pipes in the stream). They contrast this, 

however, with modeling and GIS approaches that, while appropriate in many cases, may require substantial data 

input and highly skilled individuals. 
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LESSON: IMPLEMENTATION LEVELS IN CSAS MUST BE HIGH TO ACHIEVE WATER QUALITY GOALS  
A simple scatter plot of data from the RCWP (Figure 2) indicates that, six years into the program, treatment of at 

least 70 percent of the CSA may be required to achieve measurable water quality results. It should be noted that a 

range of factors, including how precisely the CSAs were defined, the types and extent of BMPs implemented, the 

specific pollutants addressed, the water resource type, and the quality of the water quality monitoring program 

influence the likelihood of measuring water quality improvement. Still, the plot shows that no project with 

treatment levels below 60 percent had measured water quality improvements. It is to be expected that as CSA 

definition becomes more precise, the minimum required treatment should increase as only essential pollutant 

sources remain. The only exception to this pattern would pertain to situations where an error margin or treatment 

inefficiency was factored into CSA delineation. 

LESSON: TREATMENT PRACTICES ARE BEST APPLIED IN A SYSTEMS APPROACH 
Findings from the RCWP indicated that systems of two or more BMPs were required to effectively control NPS 

pollution from most CSAs in agricultural settings (NCSU 1992). This knowledge ǿŀǎ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴ ¦{9t!Ωǎ {ŜŎǘƛƻƴ 

319 NNPSMP guidance (USEPA 1991) in the following manner: 

It is important that the watershed plan takes into account the combined effects of the management 

measures that will be installed. For example, a project with suspended solids problems should assess the 

importance of all major sediment sources and anticipate potential shifts in the importance and/or 

magnitude of those sources as implementation of management practice systems proceeds. A project 

focused on cropland erosion control, but having inadequate streambank stabilization, may fail to improve 

water quality because suspended sediment delivered in runoff from highly eroding lands may, after 

application of erosion control practices, be replaced by suspended sediment from scoured stream bottoms 

and banks. 

  

Figure 2. RCWP water quality results as a function of CSA treatment level and 

agricultural contribution (data compiled by Piper et al., 1989). 
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USDA is currently exploring the use of a conservation management systems (CMS) approach for treatment, defined 

as (USDA-NRCS 2017): 

A CMS is a group of conservation practices that support one another. When implemented, the CMS has a 

synergistic effect - the positive impact is greater than if the practices were implemented alone. Many 

individual conservation practices need the support of other practices to be successful. For example, a filter 

strip will soon be rendered ineffective if sheet and rill erosion is not controlled up stream of the filter area. 

The filter strip will fill with sediment and lose its ability to absorb nutrients. 

Two basic CMS practice combinations have been established for situations with and without manure (Table 1): 

Table 1. Practices in conservation management systems (USDA-NRCS 2017) 

Nutrient Management Conservation System Waste Utilization Conservation System 

Conservation Cropping System (328)  Conservation Cropping System (328)  

Residue and Tillage Management (329, 345, 346) Residue and Tillage Management (329, 345, 346) 

Cover Crops (340) Cover Crops (340) 

Buffer Strips (327, 386, 390, 393)  Buffer Strips (327, 386, 390, 393) 

Nutrient Management (590) Structure for Water Control (587) 

 Drainage Water Management (554) 

 Nutrient Management (590) 

 Waste Utilization (633) 

 Waste Transfer (634) 

Numbers in parentheses are USDA-NRCS conservation practice standard numbers. 

 

Treatment trains that include treating a tributary with alum, collecting deposited sediment, constructing and 

restoring wetlands in the near-lake areas, and harvesting wetland biomass to remove nutrient loading from the 

system were proposed for multiple locations in the plan for cleaning up Grand Lake St. Marys in Ohio (Tetra Tech 

2010b). Three treatment train systems have been established and are operational on Prairie, Coldwater, and 

Beaver Creeks within the watershed. Prairie Creek has an engineered system that includes a Mobile Alum Injection 

Device as well as extensive constructed and restored wetlands (KCI Associates of Ohio 2017). Monitoring data 

indicate that removal efficiencies at Prairie Creek were 31 percent and 71 percent for nitrogen (NO2-N, NO3-N, 

NH3-N) and phosphorus (P04), respectively. Coldwater Creek also has an engineered system, similar to, but larger 

than, the one at Prairie Creek. The system at Beaver Creek consists of a Biofilter Complex treating water in three 

vegetated cells. A system for Big Chickasaw Creek is being designed for implementation in 2018. Systems at Beaver 

Creek and Prairie Creek were funded by the Section 319 Program, whereas those at Coldwater Creek and Big-Little 

Chickasaw Creek are funded through state appropriations. 

Treatment systems are also applied in the urban sector. For example, the Minnesota Pollution Control Agency 

(MPCA) stormwater manual (MPCA 2015) states that stormwater treatment trains have been loosely defined as 

multi-BMP approaches to managing the quantity and quality of stormwater runoff. Treatment trains have included 

prevention, source control, and treatment practices. MPCA develops treatment trains based on the processes 

employed by the BMP, with a well-developed stormwater treatment train combining hydraulic, physical, biological, 

and chemical components in a manner that ensures management of all pollutants that have been identified as 

affecting the receiving water. A stormwater treatment train incorporates at least two processes to maximize the 

control of pollutants from the runoff. The BMP(s) selected may consist of one or multiple practices, depending on 

many considerations, including available space, physical conditions at a site, and regulatory requirements.  
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According to the Mid-America Regional Council (MARC 2008), a treatment train combines site development 

strategies, management and housekeeping practices, and engineered solutions. Their elementary treatment train 

concept begins with open space (e.g., disconnect impervious surfaces with native vegetation), followed in order by 

source control BMPs (e.g., infiltration trenches), source filtration BMPS (e.g., bioretention), regional retention and 

treatment (e.g., constructed wetlands), and delivery to receiving waters by surface water, groundwater, or the 

sewer system. 

LESSON: ADAPTIVE MANAGEMENT IS ESSENTIAL TO ACHIEVING TREATMENT GOALS 
Adaptive management and the use of interim milestones are essential to address unforeseen shortcomings in the 

determination of CSAs, the implementation of planned practices, or the effectiveness of implemented practices. 

Regardless of the data or tools used when CSAs are 

determined and treatment plans are developed, 

the execution and effect of the effort will often 

differ from what was envisioned due to many 

factors, including the assumptions made in and the 

inherent uncertainties of such a planning exercise, 

as well as the dynamics of both the social and 

biophysical processes. As described by USEPA 

(2008), the activities involved in watershed 

assessment, planning, and management are 

iterative, and targeted actions might not result in 

complete success during the first or second cycle.  

By tracking and evaluating progress, projects can make needed adjustments to increase the likelihood that water 

quality goals are achieved. For example, the ten-year evaluation plan for the Lower Big Rib Priority Watershed 

Project in Wisconsin consisted of an annual administrative review, pollution reduction evaluation, water resource 

monitoring, and a final report (Davenport 2002). Failure to achieve a 5-year interim target for sediment load 

reduction would have resulted in an increase in the number of agricultural fields included in the CSA.  

1.2 PURPOSE 

This document is intended to help watershed project teams define CSAs where appropriate BMPs will be 

implemented to achieve water quality goals in the most efficient manner possible. Effective determination of CSAs 

will usually result in identification of smaller areas within a watershed that contribute a disproportionate amount 

of pollutants of concern or contribute otherwise in a disproportionate manner to the identified water resource 

problems of concern. This will support targeted, cost-efficient implementation of practices and measures to meet 

water quality goals in a timely manner. 

This document is not a technical how-to manual with step-by-step procedures or solutions for all watersheds, but 

is rather intended to inform such site-specific actions carried out at the local level. The background information, 

methodology, examples, and overview of data sources and tools are intended to document progress made in this 

area and provide a platform for enhancing the state of the art. While the document is based on a rigorous review 

of past and current efforts to define and treat CSAs, approaches and tools continue to evolve and practitioners will 

need to track new developments.  
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1.3 CRITICAL SOURCE AREA DEFINITION 

Critical source areas are those areas within a watershed that contribute a disproportionately large amount of 

pollutants of concern to the identified water quality problems. They are generally considered to be places where 

high-level pollutant sources overlap or interact with high pollutant transport potential (Ghebremichael et al. 2012, 

Giri et al. 2016, Meals et al. 2012), as illustrated in Figure 3. As can be seen from Figure 3, combinations of lesser 

pollutant sources with greater transport potential or greater pollutant sources with lesser transport potential can 

also result in areas that are relatively more critical than others. The amount of pollutant reduction needed to 

achieve water quality goals will determine the extent to which these less critical sources are included in the 

treatment plan. 

 

Figure 3. Conceptual relationship between pollutant source magnitude and transport potential. 
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2. IDENTIFYING CRITICAL SOURCE AREAS AND BMP SELECTION 
Accurate identification of CSAs and selection/prioritization of BMPs and other management measures is required 

to ensure that overall treatment performance is sufficient to achieve pollution reduction targets. Identification of 

CSAs and BMP selection is largely a technical matter involving many variables and choices (Figure 4). The process 

includes establishing priority locations where water quality improvements are most needed, describing 

information on pollutant pathways/ transport mechanisms relative to potential sources, estimating the relative 

source contribution based on existing land use/ land management, and rating source areas in a way that considers 

the performance of BMPs and other measures as well as opportunities to implement additional or modify existing 

practices (Figure 51).  

Success of the targeting approach, however, requires that the needed BMPs and other measures are implemented 

in a timely manner. It is therefore necessary to also give attention to the human element. Full consideration must 

be given to the availability of both voluntary and regulatory programs (i.e., management tools) to support practice 

implementation, and, in the case of voluntary programs, the willingness and ability of landowners and managers to 

implement needed BMPs and other measures. Both CSA identification and selection of BMP/management tools to 

achieve implementation fall within the broader scope of watershed management described by USEPA (2008). 

Consistent with that watershed approach, the CSA analytic approach presented here consists of two central 

components: 

                                                                 
1 Figure 5 icons are used in sections 2-4 to indicate the stage in the process to which the section applies. 

Factors and Considerations 

in Determining if 

Source is Critical 

Transport Distance 

Transport Efficiency 

Source Magnitude 

Current Management 
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Stop or Delay at Source 

Capture and Treat at Source 

Stop or Delay in Transit 

Capture and Treat in Transit 

Stop or Delay at Waterbody 
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Handling of Captured and  
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Designing Treatment Plan 
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¶ Prevent 
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Figure 4. Factors and considerations for CSA delineation and BMP selection. 
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1. A data-driven assessment of factors to identify priority locations where water quality improvements are 

most needed and there is a high probability of pollutant delivery to receiving waters. 

2. Management tools to support or promote BMP implementation in those priority locations.  

The following sections describe steps (Figure 6) that should be taken in any process to identify CSAs and select BMPs 

and other measures for implementation. These steps fall within the four basic phases outlined in Figure 5:  

¶ Establish priorities 

¶ Describe connections/linkages from transport pathways to potential sources 

¶ Estimate relative source contributions 

¶ Identify CSAs and BMP performance expectations and implementation opportunities 

Monitoring progress toward achieving interim and overall water quality management goals and objectives 

provides essential feedback for making adjustments as needed. While listed in order, these steps may occur 

Figure 5. Process overview for identifying CSAs and BMP opportunities. 



13 
 

simultaneously, in slightly different order, or iteratively, depending on specific issues, data availability, and process 

dynamics. Examples are included to illustrate specific approaches that have been used to address various steps in 

the process. 

 

Figure 6. Steps for CSA delineation and BMP selection. 

  

Establish Priorities 

¶ Characterize the water quality issue, problem, or impairment that is to be addressed.  

¶ Determine pollutant load or impact reduction targets that must be achieved to meet water 
quality goals.  

Describe Connections 

¶ Delineate the surface water, subsurface water, and atmospheric contributing areas.  

¶ Identify and characterize all potential sources, progressing from a broad assessment of land-
use/land-cover to a detailed characterization of potential specific sources, including sources 
within the transport system.  

¶ Characterize pollutant transport pathways. 

¶ Narrow the identification of potential sources to a set of potential critical sources.  
 
Estimate Relative Contributions 

¶ Determine current management of potential critical sources to assess the magnitude of 
pollutant or impact reduction that could be achieved with improved management or 
elimination of the sources.  

Target CSAs and BMPs 

¶ Refine CSA delineation and establish BMP performance requirements to achieve water 
quality goals.  

¶ Assess alternative treatment scenarios and prioritize sources for treatment.  

Monitor Progress 

¶ Track CSA treatment and water quality versus baseline and target conditions to assess 
progress in achieving project objectives. 

¶ Make necessary adjustments and continue monitoring progress.  

¶ Repeat as necessary. 
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2.1 ESTABLISH PRIORITIES 

Watershed projects should be designed to achieve specific objectives that are 

based on the best available information and logical rationale, not available 

resources. Objectives may include: 

¶ Restoring impaired waters 

¶ Protecting high-quality waters 

¶ Directing resources to locations where BMPs will be most effective 

For this approach, we assume the following: 

¶ The watershed project has clearly and accurately characterized the water 

quality problem or impairment that is to be addressed.  

¶ The watershed project has already determined pollutant load or impact 

reduction targets that must be achieved to meet water quality goals. 

2.1.1 WATER QUALITY/FLOW ANALYSIS 

As noted in Section 1.1, visual observation can be a valuable source of information about water quality and 

watershed conditions, particularly in cases where water quality monitoring and flow data are generally 

unavailable. Initial examination of the watershed can be carried out as a screening exercise or as a formal 

inventory, depending on project needs. Visual observation of excessive algal growth, scoured streambanks, 

sediment deposition, discharge pipes, and other unusual features can provide information about potential water 

quality or flow issues. In some watersheds it may be possible to perform stream walks or canoe the stream during 

both low-flow and higher-flow conditions to see where major inflows exist. Measurements of instantaneous flow, 

dissolved oxygen, conductivity, temperature, and turbidity at multiple points with a hand-held meter can provide 

some indication of pollutant influx at various points in a stream system, particularly if abrupt changes in measured 

values occur.  

Where data exist for multiple monitoring stations in a watershed, a comparison of simple descriptive data 

summaries can yield information regarding potential sources. Methods for exploratory data analysis, including 

data management, one-dimensional analysis (e.g., basic statistics for a single parameter), and two-dimensional 

analysis (e.g., compare phosphorus levels at two stations), are described in detail by Dressing et al. (2016). Simple 

boxplots, for example, can be used to compare pollutant concentrations at two or more stations as an indication of 

relative pollutant contributions. The example in Figure 7 shows a substantial difference in TSS between Stations 1 

and 3, as indicated by the lack of overlap between the two boxes. Increased concentrations of a pollutant between 

two stations could result from stormwater discharges, tile drain outlets, or subwatersheds contributing a 

disproportionate share of pollutants. Such circumstances could be confirmed with a stream walk. Decreased 

concentrations could indicate, for example, (a) a gaining section of stream where groundwater inputs are 

significant or (b) contributions from source areas with much lower unit-area pollutant loads. If both the 

contributing subwatershed area and upstream and downstream discharge rates are measured, the unit-area load 

of the contributing source can be estimated.  
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Figure 7. Boxplots of TSS concentration for three stream stations, 1998 (based on Meals 2001). 

Differences in pollutant concentrations between baseflow and high-flow conditions can also provide indications of 

major source locations and the primary pollutant pathways. Base flow is typically fed by groundwater sources and 

continuous discharge sources (e.g., wastewater treatment plant (WWTP) discharge), whereas high flow is usually 

comprised mostly of surface runoff.  

Where projects have a more extensive dataset and advanced analytical capabilities, seasonal differences in 

pollutant concentrations during both baseflow and high-flow conditions should also be examined. In agricultural 

settings, application of nutrients and tillage activities are generally seasonal in nature and are often related to 

observed changes in nutrient, bacteria, or sediment levels in streams. In urban settings, application of pesticides 

and fertilizers to lawns is also generally seasonal in nature, as are changes in WWTP discharges in tourist areas, or 

pollen or leaf deposition on streets. Figure 8 and Figure 9 illustrate how temporal patterns in contributions from 

pollutant sources can be assessed with a robust water quality data set (Tetra Tech 2016b). In this case, data 

illustrate the effect of tile drainage on phosphorus concentrations, particularly during spring runoff and following 

summer storms (red circles). These data provide an example of how knowledge of land use and land management 

are used to interpret observed patterns in water quality data.  

More advanced tools such as microbial source tracking can be used to narrow options for sources of certain 

pollutants. Microbial source tracking procedures use host-specific (i.e., found only in one host species or group) or 

host-associated (i.e., largely confined to one host species or group) microbial indicators to establish the origin of 

fecal pollution in water (Meals et al. 2013). 
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Figure 9. Maumee River total phosphorus daily patterns (March ς July 2015). 

Figure 8. Maumee River total phosphorus daily patterns (March ς July 2008). 
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2.1.2 BIOASSESSMENTS 

Many states assess biological conditions to determine if aquatic life uses are impaired or water quality problems 

exist. Common approaches include methods that evaluate the condition of macroinvertebrate or fish communities; 

results are generally expressed through indices (e.g., Index of Biotic Integrity, Invertebrate Community Index). As 

with water chemistry data, biological assessments can provide valuable information to target priority locations of 

concern. For projects where such biological monitoring is not performed by state or other experts, there are 

numerous sources of guidance for citizen-based biological and water quality monitoring (USEPA 2017c). Guidance 

is also available to ensure that the data collected by citizens is of high quality and meets project requirements 

(USEPA 2017c).  

Multiple lines of evidence are often used to determine potential causes and source areas, including CSAs where 

appropriate BMPs can be implemented to achieve improvements in water quality. For example, the Stressor 

Identification Guidance Document (USEPA 2000) describes a systematic process that can be used by projects with 

advanced biological monitoring expertise to connect biological assessment information to potential causes and 

sources. 

A closer examination of the bioassessment data (e.g., key index component metrics) by expert biologists may shed 

light on priority locations for treatment to address aquatic life use impairments or concerns. This includes 

evaluating reasons for poor scores (e.g., lack of species diversity, high proportion of pollution tolerant organisms, 

dominant taxa characteristics). To address impairments or concerns with maximum effectiveness, management 

solutions must target the specific causes of biological impairment where they occur. 

One example that illustrates the utility of bioassessment information in targeting treatment to potential CSAs is Ox 

Creek, a Midwestern stream where benthic macroinvertebrate data showed a lack of species diversity dominated 

by pollution-tolerant oligochaetes (Tetra Tech 2010a). As burrowers, these organisms can survive in aquatic 

environments with excessive sedimentation. In this case, biological monitoring data helped target the priority 

locations that need to be addressed. A closer look at species composition pointed to potential source areas, 

including sedimentation from surface and/or channel erosion. 

Figure 10 illustrates a process for assessing the relationship between biological impairments and major watershed 

processes that contribute to problems such as degraded habitat. In this case, habitat is degraded by siltation that is 

linked to suspended solids delivered by high stormwater volumes. The actual linkage to stormwater may require 

an analysis of available water quality and flow data, but could also be performed in a qualitative manner through 

visual observation during storm events. 

Relationships shown in Figure 10 hŀǾŜ ŀƭǎƻ ōŜŜƴ ǳǎŜŘ ƛƴ ǳǊōŀƴ ǎŜǘǘƛƴƎǎ ǿƘŜǊŜ ƛƴŎǊŜŀǎŜŘ άŦƭŀǎƘȅ Ŧƭƻǿǎέ ŀǎǎƻŎƛŀǘŜŘ 

with excess stormwater volume have resulted in poor macroinvertebrate scores. Figure 11 provides such an 

example where data collected by local watershed groups highlighted key locations where scores were fair to poor. 

The subsequent analysis ultimately identified connected impervious surfaces associated with high volume 

transportation corridors as CSAs.  
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Figure 10. Relationship between biological concerns and key indicators connected to potential CSAs. 

 

Figure 11. Comparison of stream flashiness to bioassessment scores. 
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2.1.3 HABITAT EVALUATIONS 

Stream habitat information can also help establish priorities for addressing identified watershed problems. 

Selected habitat characteristics commonly measured in NPS monitoring programs are listed in Table 2 (Dressing et 

al. 2016). A number of states have developed protocols for conducting qualitative habitat evaluations. Ohio, for 

example, uses the Qualitative Habitat Evaluation Index (QHEI) (Ohio EPA 2006). Values for the QHEI index are 

based on measurements of: 

¶ Substrate: type and quality 

¶ Instream cover: type and amount 

¶ Channel morphology: sinuosity, development, channelization, stability 

¶ Riparian zone: width, quality, bank erosion 

¶ Pool quality: maximum depth, current, morphology 

¶ Riffle quality: depth, substrate stability, substrate embeddedness 

¶ Map gradient 

Jessup and Dressing (2015) describe the following methods for measuring bedded sediments and bank stability: 

¶ Embeddedness and sedimentation ratings 

¶ Surface particle size distribution  

¶ Relative Bed Stability  

¶ Bank stability ratings 

¶ Sequential channel surveys 

¶ Bank Erosion Hazard Index 

¶ Near-Bank Stress 

Habitat characteristics include attributes that may contribute to water quality problems and connect to potential 

source areas. These attributes are typically grouped either by in-channel metrics (e.g., siltation, embeddedness, 

width:depth ratio, bank erosion, pool quality) or by riparian condition. Adversely affected in-channel metrics could 

be indicative of potential upstream sources. For example, excessive siltation or substrate embeddedness could 

result from source areas associated with surface erosion (e.g., poor management practices on agricultural fields, 

construction sites, or areas on actively managed timber lands). Other examples include high channel width:depth 

ratios or active bank erosion resulting from flashy stream flows caused by urban runoff from impervious surfaces 

or coarse sediment deposition from forest practices (e.g., logging on steep slide prone slopes, poor road 

construction). Similarly, adversely affected riparian metrics could indicate the presence of more localized CSAs 

such as livestock access to streams or lack of adequate riparian buffers. 
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Table 2. Selected habitat variables commonly measured in NPS watershed monitoring programs 

Variable Definition Notes 

Bottom substrate Percent rubble or gravel, 
presence of undercut banks, 
woody debris 

Quality and diversity of substrate influences 
suitability for fish reproduction and habitat quality 
for benthic invertebrates. 

Embeddedness Percent gravel, cobble, and 
boulder particles surrounded by 
fine sediment 

Substrate condition influences suitability for fish 
reproduction and habitat quality for benthic 
invertebrates. 

Flow velocity Range of current velocity Prevailing current velocity influences suitability for 
stream biota. 

Channel alteration Channelization, presence of 
point bars, silt deposition 

Altered channels may reduce habitat diversity; 
sediment deposition can render substrate 
unsuitable for fish or invertebrate communities. 

Pool/riffle ratio Variety of pool/riffle 
environments 

A diversity or, alternatively, a lack of pool and riffle 
environments influences suitability of a stream 
environment for fish and other biota. 

Qualitative Habitat 
Evaluation Index 
(QHEI) 

Multiple metric index of habitat 
variables including substrate, 
cover, channel quality, riparian 
condition, bank erosion, 
pool/riffle distribution, 
drainage area, and gradient 

The QHEI is composed of an array of metrics that 
describe attributes of physical habitat that may be 
important in explaining the presence, absence, and 
composition of fish communities in a stream. A 
significant correlation between QHEI and IBI (Index 
of Biotic Integrity) has been documented in Ohio. 
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2.2 DESCRIBE CONNECTIONS 

As discussed above, CSAs are often defined as an overlap of high pollution 

source areas with hydrologically sensitive areas or areas prone to generating 

high volumes of runoff, erosion, or pollutants of concern. If the water resource 

to be protected is groundwater, however, hydrologically sensitive areas may be 

those areas prone to generating high volumes of infiltration or recharge to the 

groundwater system. Similarly, some pollutants may be derived from airborne 

sources that should be considered when defining CSAs. An initial broad view of 

potential sources and pollutant pathways is essential to developing an 

approach that will lead to successful CSA delineation. As shown in Figure 12, 

pathways and sources of pollutants or impacts can be identified by working 

both forward and backward from the water resource of concern to potential 

sources. Assessment of pathways with the greatest transport potential and 

areas with the greatest sources of targeted pollutants or impacts provides the 

information necessary to identify overlaps where CSAs are likely to exist. Inherent in this analysis is an assessment 

of current management and the opportunity to effect improvements to achieve pollutant or impact reduction 

targets. 

 

Figure 12. Overview of process to identify critical transport and pollutant or impact sources. 

 

2.2.1 POLLUTANT PATHWAYS 

As described by Blanchard and Lerch (2000), the chemistry of a compound determines the potential hydrologic 

transport pathways, and watershed hydrology determines the relative importance of the leaching and runoff 

transport pathways in agricultural watersheds. Land use, including the percentage of a watershed that is cropped, 

the locations within the watershed that are cropped, and the chemicals applied, constitutes the third important 

factor. Hydrology is largely determined by the soils, as reflected by soil hydrologic groups. The authors conclude 

that water quality practices must be designed in accordance with the dominant problems and transport pathways 

of a watershed. Linard et al. (2009), however, point out that the processes controlling the fate and transport of 

agricultural chemicals are generally understood only conceptually at the watershed scale. In urban settings 

pollutant transport is often governed more by the extent of connected impervious surfaces (CASQA 2003b). 
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Various methods have been developed to simulate watershed hydrology, including the curve number method 

(USDA-NRCS 1986), the Green and Ampt method (Craig et al. 2009), and the TOPMODEL algorithm (Linard et al. 

2009). Models such as SWAT and the Water, Energy, and Biogeochemical Model (WEBMOD) incorporate these 

methods (Webb and Parkhurst 2017). Devi et al. (2015) reviewed the variable infiltration capacity model (VIC), 

TOPMODEL, HBV, MIKESHE and SWAT. An inventory of hydrological models is maintained at Texas A&M University 

(TAMU/BOR n.d.). 

Hydrological modeling can aid in the identification of CSAs, but many watershed projects lack the resources and 

data to support such modeling. Where hydrological modeling cannot be performed, likely pollutant transport 

pathways can be identified by examining the following: maps of the stream network, stormwater management 

system, or agricultural drainage network; information on soil types (hydrologic soil group); land cover data; 

location of impervious surfaces; and topography. Figure 13 illustrates an overlay approach to identifying potential 

CSAs. Layer A shows the stream network, B shows areas where cut streambanks and heavy sedimentation were 

identified by a volunteer monitoring group, C shows the road network, and D shows activities and sources of 

interest that were identified during a windshield survey. In this simplified example, pollutant pathways were 

addressed qualitatively based on the relationships between identified problems (sediment in this case) and 

potential sources. It was assumed that the large parking lot could contribute erosive flows during storm events, 

thereby contributing to the streambanks cuts. New construction along the stream was assumed to contribute to 

the heavy sedimentation downstream. In addition, sediment from the highly erosive upstream cropland areas 

could likely be delivered downstream to the problem area. It was also assumed that the two stream crossings 

could contribute erosive flows through scupper drains or roadside drainage.  

After assembling background maps and other information described above, project participants should walk the 

watershed to examine pollutant pathways. In the case of the map overlays (Figure 13), visual inspection during a 

rainfall event would be essential to confirming assumptions made in identifying the potential CSAs (see Section 

2.3.1 for additional information on visual observation). Because sediment is the pollutant of interest in this 

example, visual inspection can yield useful information regarding pollutant pathways. For example, evidence of 

sediment deposition downstream from the highly eroding cropland might confirm the importance of that source, 

but the entire pathway to the receiving stream with heavy sedimentation problems would need to be examined.  

In cases where modeling is performed, visual inspection of the watershed, particularly during runoff events, is 

strongly recommended to verify modeling results. It is important to keep in mind that modeling will only provide 

an approximation of pollutant pathways. Specific sites that are averaged or overlooked in the modeling process 

may be found to contribute far more significantly than indicated by modeling results. In turn, other sources 

deemed critical through modeling may be found to be less significant pollutant contributors due to site-specific 

conditions or management. 

 

 



23 
 

 

Figure 13. Illustration of simple map overlays. 

Greater resolution can be obtained by examining available data on stream flow, stormwater discharge, and 

existing BMPs or other treatment. Another factor to consider is whether impervious areas outlet directly to the 

drainage system (connected) or whether the flow spreads over pervious areas before entering the drainage system 

(unconnected). Implemented BMPs and connectivity can be assessed as part of the visual inspection if site access is 

available. 

Lag time must be considered to the extent possible with available data and tools (Meals et al. 2010). The 

International Missisquoi Bay Study Board (IMBSB 2012) acknowledged the importance of lag time, noting studies 

that indicated different short-term benefits from CSA management at different geographic scales. At field and 

small watershed scales (25 to 741 acres), management yielded significant reduction of N and P loss over the short 

term (1 to 10 years). At smaller geographic scales, however, they found ǘƘŀǘ ǎŜǾŜǊŀƭ ǎǘǳŘƛŜǎ ǎƘƻǿŜŘ ƴƻ ǎƘƻǊǘπǘŜǊƳ 

benefits from CSA management due to factors such ŀǎ ƛƴπǎǘǊŜŀƳ ǇǊƻŎŜǎǎŜǎΣ ǾŜǊǘƛŎŀƭ ǎǘǊŀǘƛŦƛŎŀǘƛƻƴ ƻŦ t ƛƴ ƴƻπǘƛƭƭ 

fields (increased soluble P loss), and legacy landscape sources of P (enriched soils).  

Lag time in urban settings is very different from that in agricultural watersheds. As illustrated in Figure 14, 

impervious cover directly influences urban streams by dramatically increasing surface runoff during storm events 

(FISRWG, 1998). Depending on the degree of watershed impervious cover, the annual volume of storm water 

runoff can increase by 2 to 16 times its predevelopment rate, with proportional reductions in groundwater 

recharge (Schueler 1995). The increase in runoff relative to infiltration, coupled with the prevalence of rapid runoff 

conveyance systems in urbanized areas, will generally result in far shorter lag times than in rural settings. 
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Figure 14. Relationship between impervious cover and surface runoff. 

2.2.2 CRITICAL SOURCES OF POLLUTANTS OR IMPACTS 

Identification of critical sources of pollutants or impacts should be conducted comprehensively to ensure the most 

efficient targeting of treatment. Whereas pollutant pathway assessment (Section 2.2.1) or anecdotal information 

may lead to the conclusion that certain sources are more problematic than others, a more careful follow-up 

assessment of all potential sources may yield a different conclusion. As an example, investigators addressing 

eutrophication problems in the Cannonsville Reservoir in New York under the Model Implementation Program 

initially believed that dairy barnyards were the largest sources of phosphorus pollution. Only after comprehensive 

monitoring data were collected and analyzed did they realize that the largest source of phosphorus was runoff 

from fields receiving manure (Brown et al. 1989). Most projects will not have monitoring efforts equivalent to that 

used in this case, but proper application of other tools and approaches described in this section could yield similar 

conclusions. 

All available information, including anecdotal evidence, should be used when determining the locations of critical 

sources. All sources should initially be considered as potential critical sources when performing this assessment, 

despite preliminary conclusions that may be made during the assessment of pollutant pathways. For example, 

approaches using map overlays without models may be particularly prone to errors associated with soluble 

pollutants (e.g., nitrate nitrogen) because such pollutants (unlike sediment) cannot be seen during visual 

observations. Therefore, field confirmation of conclusions drawn from the map-based analysis is difficult. 
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Prioritization of detailed analysis based on the assessment of pollutant pathways may be warranted, but few, if 

any, sources should be excluded from CSA consideration based solely on a pathway analysis because of the 

inherent uncertainty. 

In agricultural settings, sources can be further characterized by obtaining information on the locations, sizes, and 

management of animal operations; the location and timing of applications of manure and other organic nutrient 

sources; phosphorus index values; artificial drainage networks; major crops and yields; soil types and slopes 

(topography); pesticide use; cover crop usage; and tillage practices. Sources for much of this information are 

described in Section 5. Because of privacy considerations, however, much of the USDA data on individual farm 

operations is not available. Project managers should develop an analytic plan and data needs to facilitate any 

request for information that is not easily obtainable. If, for example, the primary concern is pathogens, a focus on 

animal operations and the handling, transport, and application of animal manure would be appropriate. Both farm 

operations with animals and those receiving manure from others should be included in the analysis. Potential 

contributions from wildlife should also be assessed. 

In urban settings, knowledge of the stormwater collection network, existing stormwater management practices, 

land use and land cover (zoning maps), point source discharges, the road network, topography, and soils are all 

important to an initial assessment of potential critical sources. Source assessment should also consider in-lake or 

in-stream sources (e.g., internal recycling). As for agricultural sources, visual inspection will help confirm the 

validity of information collected from databases. A potential advantage in urban settings is greater access to 

potential sources of interest as many will be public lands or areas with unlimited access (e.g., parking lots). It is also 

possible to focus efforts in the urban setting based on the pollutants of concern. If, for example, salinity is a 

concern in a northern climate, project managers may decide to focus on storage and handling areas for road salt, 

or simply the roads themselves. 

2.2.3 DETERMINATION OF POTENTIAL SOURCE AREAS AT WATERSHED SCALE 

The delineation of CSAs should be considered a multi-tier process in which broad-scale assessments are followed 

by smaller-scale assessments to nail down specific details and refine estimates of potential load reductions within 

the CSA. Analysis at the subwatershed scale (up to about 40,000 acres) is the logical first step in this process. 

Pollutant pathways and potential critical sources are identified at this scale to provide a first-cut estimate of the 

CSA and priority concerns.  

A drainage assessment is conducted within the watershed by combining information on watershed conditions and 

stream and stormwater management networks. The drainage assessment highlights CSAs where BMP 

implementation will be most effective (i.e., areas that have a disproportionate effect on hydrology and water 

quality). As described earlier, CSAs can generally be identified as the intersection of high-level pollutant sources 

and high pollutant transport potential. In an urban setting, for example, areas generating large amounts of 

sediment that are hydrologically linked to areas with impervious cover and conveyance systems may be CSAs for 

sediment. Other CSAs may be located in headwater areas and near local streams (e.g., road crossings, major 

stormwater outfalls).  

The Center for Watershed Protection (CWP 2012) describes a process for identifying stormwater hotspots, defined 

as commercial, industrial, institutional, municipal, or transport-related operations that produce higher levels of 

stormwater pollutants or present a higher potential risk for spills, leaks, or illicit discharges. The California 

Stormwater Quality Association (CASQA) developed a series of BMP handbooks that provide information and 

guidance on identifying pollutant source areas and BMP opportunities for construction, industrial and commercial, 

municipal, and new development and redevelopment sources (CASQA, n.d.). For example, CASQA (2003a) provides 
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a list of typical municipal operations and pollutants they generate, including fixed facilities activities (e.g., building 

maintenance and repair, waste handling and disposal, and vehicle fueling and storage tank filling) and field 

program activities (e.g., street repair and maintenance, sidewalk surface cleaning, and solid waste collection and 

recycling).  

Source area analysis may be conducted via modeling or other less expensive methods, including assessment of 

land use and impervious cover information in urban watersheds. Impervious surface composition (type, amount, 

density) is often characterized by land use category (residential, roads, etc.) to identify high priority catchments 

where: a) the total amount of impervious area is greater and b) the percentage of impervious cover is higher. The 

data may also be categorized by jurisdiction to describe the overall contribution by land use type and ownership. 

Coupled with rainfall data, impervious cover provides an estimate of potential stormwater runoff volume 

generated from various potential source areas. 

As illustrated in Section 2.2.1, map overlays can be helpful in identifying major pollutant transport opportunities. 

Specifically, overlays of the stream network, the stormwater system in urban areas, agricultural drains and ditches, 

soils (hydrologic soil group), land cover type, impervious surfaces, and topography should provide some indication 

of the sources of specific pollutants. Tools for organizing and analyzing data include GIS which can be used to 

create maps and display and overlay spatial information for visual or modeling assessments. Figure 14 in Section 

2.2.1 illustrates the application of GIS to layer data. Additional details on specific data sources and tools for this 

analysis can be found in Sections 5 and 6. 

2.3 ESTIMATE RELATIVE CONTRIBUTIONS 

After initial assessment of potential source areas is completed at the 

subwatershed-scale, more detailed, site-specific information should be 

gathered to refine CSA delineation and estimate the relative pollutant 

contributions of sources within the CSA. This process can be carried out in 

many ways, but the essential elements are: 

¶ Close inspection of potential source areas identified at the 

subwatershed scale, including confirmation of assumptions made 

(e.g., management level, pollutant pathways). 

¶ Reconsideration of sources that may have been overlooked or 

underestimated in the subwatershed analysis (e.g., a streamwalk 

may change perspectives on contributions from stream banks or 

bottoms). 

¶ Quantitative (preferred) or qualitative assessment of source areas 

to estimate relative pollutant contributions. 

A wide variety of information and tools can be used to complete this phase of CSA delineation, including: 

¶ Visual observations that incorporate local knowledge (e.g., field inventories, windshield surveys) 

¶ Indices 

¶ Available ambient monitoring data that reflects actual conditions in priority subwatersheds or 

catchments of interest 

¶ Desktop screening tools and models  
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2.3.1 VISUAL OBSERVATION 

The simplest way to improve the assessment of potential sources is to perform a visual inspection of sources and 

pollutant pathways. It may not be feasible to inspect all sources in larger watersheds or where access to sources is 

limited, but this basic tool can yield much information that is often unavailable through sources such as published 

datasets, agency records, or remote sensing methods. Visual observation can be performed at various scales (e.g., 

neighborhood, property, individual BMP) depending on need or priority, site accessibility, and resources. 

While impervious cover composition provides a starting point to identify priority source locations in urban 

watersheds, for example, field inventory information is needed to refine the CSA analysis. The field inventory 

provides a focus on directly connected pathways, delivery mechanisms, and in-stream effects (particularly 

evidence of channel incision and bank erosion). This enables targeting specific critical locations where BMP 

implementation will be most effective in achieving overall watershed management objectives. The type of 

inventory information needed may include storm sewer system inlet points, outfall locations, riparian indicators, 

channel metrics, existing treatment, planned improvements, and stream conditions at road crossings. In 

agricultural watersheds, there may be a need for more refined information on animal populations, animal waste 

management practices, crop rotations, the presence and condition of field borders and riparian buffers, the 

location of drain tile systems and outlets, and the type and level of soil conservation and nutrient management 

practices.  

Recommendations by Schueler et al. (1991) to walk the stream to gather information before proposing a BMP 

system in urban settings can also be applied to determining if a site is potentially a critical source. The following 

factors should be taken note of when performing this task: 

¶ Watershed development (watershed area and watershed imperviousness) 

¶ Urban BMP (proportion of contributing watershed controlled by a proposed BMP) 

¶ Hydrologic change (dry-weather flow rate, watershed runoff coefficient) 

¶ Channel form stability (form, dry-weather wetted perimeter, widening or downcutting, etc.) 

¶ Substrate quality (bed sediment diameter, embeddedness, sandbars, discolored cobbles) 

¶ Water quality (water temperature, slime, silt and sand deposits, benthic algae) 

¶ Stream community (aquatic macroinvertebrates present on rocks, fish present) 

¶ Riparian cover (presence/absence of and extent of riparian cover) 

¶ Stream reach (presence/absence of pool/riffle structures, sinuosity, fish barriers, channel enlargement) 

¶ Contiguous wetland (presence/absence and quality of non-tidal wetlands in riparian zone or floodplain) 

¶ Floodplain change (constrained or unconstrained floodplain) 

The CASQA BMP handbooks provide guidance on how to perform an inventory and assessment of sources (CASQA, 

n.d.). In addition, the information in these handbooks on best practices for protecting water quality can be used to 

help guide site assessments. For example, planning and design for protecting water quality from new development 

and redevelopment employs three basic strategies in the following order of relative effectiveness: 1) reduce or 

eliminate post-project runoff (e.g., by reducing impervious surfaces or connectivity), 2) control pollutant sources 

(e.g., by separating stormwater runoff from vehicle maintenance areas), and 3) treat contaminated stormwater 

runoff (e.g., through infiltration or retention/detention) before discharging it to natural waterbodies (CASQA 

2003b). Shortcomings in these three areas should be identified and noted during site inspections to help identify 

CSAs. 
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Individual agricultural BMPs or BMP systems can be inspected if site access is granted. The USDA-NRCS Field Office 

Technical Guide (FOTG) provides standards and specifications for all conservation practices for each state (USDA-

NRCS, n.d.). In cases where less rigorous assessments are needed, approaches such as those contained in the 

Chesapeake Bay Program (2014a) visual indicators guidance may be appropriate. These visual indicators are 

designed to provide for rapid and accurate assessment of a range of agricultural practices that can be assessed 

visually, including compost structures, grass buffers, and water control structures. Practices such as nutrient 

management cannot be assessed through these techniques. 

Windshield surveys can be used to identify a range of features and practices of interest. Residue windshield surveys 

have been conducted for a few decades using a statistically-based approach (Hill 1998). Surveys can also be used to 

simply confirm information obtained from other sources (e.g., locations of bridges, tile drain outlets) or to obtain 

additional information about known features or locations. 

As an example, the windshield survey conducted by the Defiance County SWCD (Figure 15) combined with a 

desktop screening assessment identified priority implementation opportunities in the upper Maumee watershed. 

The results of this evaluation show several potential CSAs (Table 3). Windshield surveys or field inventories that 

incorporate local knowledge provide a starting point for the CSA analysis in the Maumee. It is important, however, 

that these tools be applied properly (e.g., residue survey route developed in accordance with the procedure 

specified by Hill (1998)) to ensure reliable results.  

The next steps after developing an inventory such as that shown in Table 3 would be to perform closer inspections 

of priority sources (e.g., Priority 1 streambank erosion at Zuber Cutoff, Gordon Creek, and Platter Creek) to confirm 

survey findings, develop estimates of relative pollutant contributions, and assess treatment opportunities. 

Available water quality data, unit area loading values from the literature, and models or spreadsheet tools can be 

used to estimate pollutant contributions (see Sections 5 and 6). 

 

 
Figure 15. Example Defiance County SWCD subwatershed windshield survey map. 






































































